Through terahertz time-domain spectroscopy, negative imaginary conductivity is observed Here, using THz-TDS, we study the optical properties of In-rich AlInN in THz frequency and extract related electrical information. In order to simplify the problem involving multi-layer THz wave reflection and absorption, we don't use any conductive buffer or template, e. g. widely For the X-ray diffraction (XRD) spectra shown in Fig. 1(a) , since no buffer or interlayer was used, only the signals from the AlInN film and sapphire substrate are observed. The Alcontent x=0.2 is obtained through Vegard's law. Fig. 1(b) plots the measured THz pulses
Using noncontact terahertz time-domain spectroscopy (THz-TDS) to study the carrier dynamics of semiconductor is an important field. There have been a lot of reports on terahertz (THz) spectroscopy of binary semiconductors, e.g. ZnO [1] , GaN [2, 3] , or nearly binary semiconductors with very low alloy composition, e.g. GaNAsBi with ~1% N, Bi [4] . The present paper will give some knowledge of ternary semiconductor AlInN alloy with relative high alloy composition ~20% in THz spectroscopy.
There have been some reports on the applications of InN and its In-rich alloys in THz [5, 6] and high-frequency electronics [7] . For semiconductors, ultrafast photon generated electron acceleration is a general way to produce THz emission, which leading to the dependence of THz-radiation power P on effective electron mass * m as:
2 ) 1 ( * ∝ m P [8] . On the other hand, the narrow bandgap of In-rich nitride will facilitate the use of 1.3-1.5μm laser as THz excitation sources, and integrate THz technology with fiber-based telecommunication system. Therefore, considering the small effective mass 0 075 . 0 m m = * ( 0 m is the free electron mass) [9] and narrow bandgap 0.7eV of InN, In-rich nitride is regarded as an attractive candidate for high power THz sources.
Here, using THz-TDS, we study the optical properties of In-rich AlInN in THz frequency and extract related electrical information. In order to simplify the problem involving multi-layer THz wave reflection and absorption, we don't use any conductive buffer or template, e. g. widely used GaN buffer/template, to grow AlInN. After substrate thermal cleaning and nitridation, AlInN films were directly grown by metal-organic chemical vapor deposition (MOCVD) on Cplane sapphire, with pressure around 730 torr and growth temperature around 600℃. All THz measurements are conducted in room temperature. The THz electromagnetic wave are produced and detected by photoconductive antennas fabricated on low-temperature-grown GaAs films. For reference signal, THz pulses transmitted through the sapphire substrate without growth is measured.
For the X-ray diffraction (XRD) spectra shown in Fig. 1(a) , since no buffer or interlayer was used, only the signals from the AlInN film and sapphire substrate are observed. The Alcontent x=0.2 is obtained through Vegard's law. Fig. 1(b) plots the measured THz pulses transmitted through the AlInN sample and the sapphire substrate. In Fig. 1(c) , the THz pulse spectrum in frequency domain is obtained by applying a fast Fourier transform (FFT) to the time-domain waveform.
In the simplest configuration of only one layer AlInN with thickness d on sapphire, the refraction index of AlInN n 2 +i k 2 is determined from the following equation: The complex dielectric constant ε(ω) is defined as:
where ε 0 is the permittivity of free space, σ is the complex conductivity. Since AlInN here only has Al content x=0.2, the dielectric constant ε ∞ =6.7 for InN [9] is adopted. The results below will be revised a little if ε ∞ =4.16 for AlN [10] is used.
Using the analysis method above to treat the original data, the complex conductivity of Al 0.2 In 0.8 N is presented in Fig. 1(d) . As shown, the original data is subject to oscillation due to multiple reflections. In order to remove this useless oscillation structures, we will make a cut in time domain. Since the main THz pulse is well separated from reflected pulse in Fig.1(b) , the extraction was done with the data values recorded only up to ~16 ps. This time-domain cut procedure leads to a satisfactorily remove of oscillation structures, which can be seen in Fig.1 (c) .
At the same time, the ω /2π frequency resolution retreats from ~0.015 THz to ~0.06 THz.
The refractive index and complex conductivity of AlInN after time-domain cut are presented in Fig.2 is accommodated by incorporating memory effects in the scattering process. As a usual practice, it assumes that persistence of velocity is retained for only one collision. Therefore, the complex conductivity in the Drude-Smith formalism is given by:
where C is a parameter ranged from -1(back scattering only) to 0 (Drude scattering only), 
